Crystallographic evidence for active-site dynamics in the hydrolytic aldehyde dehydrogenases. Implications for the deacylation step of the catalyzed reaction.
The overall chemical mechanism of the reaction catalyzed by the hydrolytic aldehyde dehydrogenases (ALDHs) involves three main steps: (1) nucleophilic attack of the thiol group of the catalytic cysteine on the carbonyl carbon of the aldehyde substrate; (2) hydride transfer from the tetrahedral thiohemiacetal intermediate to the pyridine ring of NAD(P)(+); and (3) hydrolysis of the resulting thioester intermediate (deacylation). Crystal structures of different ALDHs from several organisms-determined in the absence and presence of bound NAD(P)(+), NAD(P)H, aldehydes, or acid products-showed specific details at the atomic level about the catalytic residues involved in each of the catalytic steps. These structures also showed the conformational flexibility of the nicotinamide half of the cofactor, and of the catalytic cysteinyl and glutamyl residues, the latter being the general base that activates the hydrolytic water molecule in the deacylation step. The architecture of the ALDH active site allows for this conformational flexibility, which, undoubtedly, is crucial for catalysis in these enzymes. Focusing in the deacylation step of the ALDH-catalyzed reaction, here we review and systematize the crystallographic evidence of the structural features responsible for the conformational flexibility of the catalytic glutamyl residue, and for the positioning of the hydrolytic water molecule inside the ALDH active site. Based on the analysis of the available crystallographic data and of energy-minimized models of the thioester reaction intermediate, as well as on the results of theoretical calculations of the pK(a) of the carboxyl group of the catalytic glutamic acid in its three different conformations, we discuss the role that the conformational flexibility of this residue plays in the activation of the hydrolytic water. We also propose a critical participation in the water activation process of the peptide bond to which the catalytic glutamic acid in the intermediate conformation is hydrogen bonded.